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1*  Intxo^tijQ,  fhia-repoit  -presents  data  secured  from  two  detona- 
tioiAS  at  the  Dry  Clay  site  of  the  Underground  Explosion  Test  Programs  using 
0,2  scale,  buried,  open-box  and  hollow  cubical  type  beinforoeil  concrete 
target  structures.  Concomitant  data  are  also  inoluded.  The  shots  were 
part  of  a  large  number  of  testB  in  clay  and  in  other  types  of  sell,  and  in 
rock,  which  are  described  in  three  booklets,  "Underground  Ex,  Usion  Tests* , 
issued  by  the  Protective  Construction  Branch,  Engineering  Division,  Office 
n~  of*  Engineers;,  The  tests  reported  here  are  supplementary  to 

those  described  in  the  booklet  entitled,  “Program  A-Tests  in  Coils",  and 
did  not  include  the  instrumentation  or  dust  phases  of  the  program  mentioned 
therein. 

2.  Authorization.  These  tests  were  approved  by  the  Chief  of  Engi¬ 
neers  in  a  letter  to  the  Division  Engineer,  South  Pacific  Division,  dated 
2  August  1951,  subject,  "Authorisation  -  Supplementary  Skew  Structures 
Program  -  Underground  Explosion  Tests". 

3#  &2SS&XSS*  Th«  objective  of  the  Underground  Exploo-cn  Test  Pro¬ 
grams  is  to  secure  experimental  data  for  "developing  -  protective  construe- 
tion  criteria  and  for  designing  and  constructing  protective  military  struc¬ 
tures  and  underground  installations".  The  immediate  purpose  of  this  sup¬ 
plementary  program  is  to  verify  empirical  scale  relationship#  previously 
established  free  larger,  equal  and  smaller  scale  tests  on  targets  set  with 
no  skew,  and  to  determine  the  movements  and  the  visual  damage  to  tergal  s 
with  faces  set  at  varying  skew  angles  and  distances  from  the  center-line  of 
the  charge*  Control  targets  set  with  no  skew  were  used  in  eaoh  round. 
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/.«  Cooperating  Agencies.  Office  headquarters  facilities  at  Dugway 
Proving  Grounds  were  provided  by  the  Chemical  Corps,  Department  of  the  Army. 

The  Ordnance  Department,  Department  of  the  kray,  supplied  explo¬ 
sives,  and  explosive  storage  facilities  were  made  available  at  the  Tooele 
Ordnance  Depot. 

The  South  Pacific  Division  Laboratory,  Corps  of  Erfr. .users ,  Depart¬ 
ment  of  the  Army,  performed  the  laboratory  soil  tests  reported  herein 0 

The  Director,  U0  S.  Coast  and  Geodetic  Survey,  Department  of  Com¬ 
merce,  furnished  the  services  of  a  geodetic  and  precise  level  party  to 
establish  first  order  base  linen  and  revels  in  the  Dry  Clay  area,  and  to 
determine  the  vertical  and  horizontal  position  of  fixed  points  on  all  tar¬ 
get  structures  before  and  after  the  detonation  of  charges. 

The  Director,  D.  S.  Geological  Survey,  Department  of  Interior, 
furnished  \v«  services  of  a  geophysical  survey  party  to  extend  preliminary 
seismic  exploration  of  the  area„  The  data  have  not  been  received  for  in¬ 
clusion  in  this  report. 

Ilorrison-Khudsen  Compary,  Inc,,  under  contract  to  the  Corps  of 
Engineers,  performed  all  construction  work  entailed  by  the  nrogzwv* 

Pittsburgh  Testing  Laboratories,  under  contract  to  the  Corps  of 
Engineers,  performed  all  concrete  and  steel  testing  required  by  the  wto-k. 

Undisturbed  soil  Samples  have  been  forwarded  to  the  Massachusetts 
Institute  of  Technology  for  eventual  dynamically  loaded  triaxial  sheer 
teste. 
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5.  Description  of  the  Area.  Dry  Clay  teat  Bite  is  located  in  Sec¬ 
tions  2,  3,  10  &  11,  T9S>  R9R,  S.L.B.&M.,  about  85  miles  by  road  southwest 
of  Salt  Lake  City,  Utah.  It  is  about  10  miles  (airline)  southeast  of  the 
present  headquarters  of  Dugway  Proving  Grounds.  The  location  is  shown  on 
Plate  I. 

The  area  consists  of  an  even-surfaced  valley  lying  between  buried 
mountains ,  supporting  limited,  desert-type  vegetation.  The  valley  floor 
was  for-rri  by  the  deposition  of  sediments  in  ancient  Lake  Bonneville. 

The  depth  of  these  sediments  is  in  excess  of  160  feet.  These  undeformed 
beds  are  jointed  into  rectangular  blocks  by  a  major  set  of  joints  which 
are  vertical  and  Btitke  north-south,  and  a  less  pr eminent  set  of  joints, 
also  vertical,  and  about  normal  to  the  major  set,  which  strike  east-west. 
Seismic  explorations  indicate  that  velocities  range  from  a  minimum  of 
1,000  feet  per  second  at  a  depth  of  3.7  feet,  to  a  maximum  velocity  of 
6,150  feet  per  second  at  a  depth  of  93  feet.  A  typical  boring  log  of  the 
area  is  shown  can  Plate  XII. 

Clay  is  the  chief  material  at  the  site  with  minor  amounts  of 
interbedded  fine  sand,  silt  e«d  diatoms oecus  marl.  The  overburden  is  an 
unatratified  mixture  of  silt  and  day  containing  a  small  amount  of  htmis. 
No  water  table  was  encountered  at  any  exploratory  drill  hols  in  the  area. 
The  joint  systems  allow  the  limited  annual  rainfall  to  penetrate  deeply 
and  the  underlying  material  is  slightly  damp  at  all  times.  A  detailed 
geologic  study  of  the  site  is  induded  in  Reference  3. 
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6*  Laboratory  Soil  Teats.  Two  undisturbed  soil  samples  were  ob¬ 
tained  at  a  preliminary  test  site  at  a  depth  of  405  to  5.4  feet  below  the 
ground  surface.  The  location  of  the  site  is  shewn  on  Plate  II.  One 
sample  could  not  be  used  lor  testing  owing  to  its  highly  fractured  condi¬ 
tion,  and  only  a  limited  number  of  specimens  could  be  seeui-sd  Iron  the 
second  sample,  obtained  prior  to  detonation. 

The  results  of  classification  tests,  using  stands  ~  procedures, 
are  given  Delow: 


Mechanical  Analysis 


Div. 

Serial 

Ua. _ 

Laboratory 

Classification 

%  Finer 

No.  60  No.  270 

IMfo. 

42 

Liquid  Plasticity 
Limit  Index 

278-6A 

Silty  Clay 

100 

99 

43 

14 

279-6A 

Silty  Clay 

100 

99 

33 

45 

16 

The  specific  gravity  of  similar  material  from  the  area  is  2.79. 

4 

Specimens  from  Semple  No.  27$*£^  with  a  diameter  of  1.4  inches 
and  a  height  of  3.25  inches,  rare  tested  to  determine  the  sl-sr  strength 
at  natural  moisture  content,  using  both  trlazial  and  compres¬ 

sion  tests,  and  the  effect  cf  varying  lateral  pressures  upon  the  shear 
strength,  using  trlaxial  tests.  Density  determinations  were  obtained 
from  weights  and  physical  dimensions  of  test  specimens.  The  test  results 
are  shown  in  Figure  1* 

The  Division  laboratory  states! 

"The  Modulus  of  Defamation  may  be  defined  as  the  average 
deviator  stress  per  unit  strain  between  the  origin  and  a  point 
on  the  strees-e train  curve  at  one- third  of  the  deviator 

stress.  The  data  indicate  that  the  modulus  of  defamation  in¬ 
creases  with  an  increase  in  lateral  pressure  from  overburden, 
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which  is  approximately  0,2  Kg  per  cm2  to  2  Kg  per  en.^  but  decreases 
when  the  lateral  pressure  is  raised  to  4  Eg  per  cm?.  While  this 
behavior  is  not  consistent  with  average  results  obtained  from  other 
test  sites  in  the  area,  these  differences  could  be  attributed  in 
part  to  variations  in  the  nature  of  the  soil  and  the  initial  density 
of  the  specimens*  The  curved  line  forming  the  Mohr  envelope  is  be¬ 
lieved  to  represent i  more  nearly,  the  true  value*  for  thin  material. 
The  straight  dashed  line  represents  on.  average  sheer  strength  for 
all  four  specimens, 

"The  difference  in  value  for  the  modulus  of  defers?-  ..ion  as  ob¬ 
tained  by  unconfined  compression  tests  compared  to  triaxlal  tests, 
may  be  explained  by  small  variations  within  the  sped:  ,is  as  well 
?'•?  by  ti*  different  types  of  apparatus," 

Additional  test  results  on  soil  samples  from  the  I*/  Clay  test 
area  are  given  in  References  1,  2,  3,  4  and  5, 

7,  Target  fabrication.  The  target  structures  were  pre-cast  in  Salt 
Lake  City.  The  concrete  mix  was  designed  for  a  strength  of  4,000  p.a,i, 
at  28  days  using  Type  I  Portland  Cement  (Federal  Specification  No, 
SS-C-192).  High  early  strength  cement  was  substituted  for  the  Type  I  la 
order  to  adhere  to  the  program  schedule.  The  concrete  proportions  by 
dry  weight  ware:  cement  -  1;  sand  -  2.09;  and  aggregate  -  3,13*  The 
maxim®  size  of  coarse  aggregate  used  in  the  mix  was  1/2  inch.  The 
designed  cement  factor  was  6.2  sacks  per  cubic  yard,  the  slump  3  inches, 
and  the  water-cement  ratio,  0,915,  The  concrete  was  vibrated  into  place 
in  the  fotraa  taking  care  not  to  disturb  the  designed  steel  spacing. 

Steel  reinforcement  "ears"  were  set  in  the  corners  of  each  target  to 
facilitate  handling.  The  targets  wars  covered  with  heavy  burlap  mei? - 
talned  in  a  saturated  condition  and  cured  at  the  fabrication  site  for  3 
days.  The  targets  were  then  transported  by  truck  to  tL»  best  site  and 
stored  in  the  open  until  used.  Flats  HI  Illustrates  the  target  details, 
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Concrete  me  sampled  in  accordance  with  A.S.T.M.  standards.  Two 
test  cylinders,  3*6  inches,  were  fabricated  from  concrete  for  each  tar¬ 
ge  lc  The  cylinders  were  cured  in  the  same  manner  as  the  targets,  and 
stored  in  the  open  to  duplicate  the  conditions  of  target  storage.  One 
cylinder  from  each  target  was  broken  as  closely  ns  practi  ;.Me  at  7  days 
of  age,  and  the  seoond  cylinder  as  closely  as  practicable  or  the  day  the 
charge  for  the  respective  target  was  detonated.  The  resul  '• :  of  the  con¬ 
crete  compression  tests  are  scheduled  in  Figure  ,1, 

One  reinforced  rrnorete  test  beam,  6  x  13-1/2  x  57  inches,  using 
steel  reinforcement  identical  to  that  placed  in  the  target  structures, 
was  fabricated  with  concrete  sampled  from  Target  T-6,  The  beam  was  cured 
and  stored  in  a  manner  similar  to  that  of  the  target,  and  tested  as  a 
simple  beam  under  a  third  point  loading  condition  as  closely  as  practica¬ 
ble  on  the  day  Bound  S-3  was  detonated.  Details  of  the  test  beam  and  the 
location  of  points  of  cracking  are  shorn  in  Figure  3,  The  test  data  is 
scheduled  In  Figure  4  and  plotted  In  Figure  5, 

Steel  reinforcement  for  the  targets  consisted  rrf*  rw 
deformed  bars  specified  to  conform  to  the  following  requirements » 

a.  Yield  point  not  to  exceed  ^CKX)  p.P  ,1. 

b,  Ultimate  strength  not  to  exceed  100,000  p.s.i. 

o.  Variance  from  the  average  yield  point  of  th,>  samples 
tested  not  to  exceed  10-12  percent, 

d.  All  samples  to  have  similar  stress-strain  diagrams, 
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A  summary  of  tension  tests  on  reinforcement  bars  sampled  from  the  naterlal 
used  in  the  targets  is  scheduled  in  Figure  6*  Stress-strain  diagrams  of 
steel  reinforcement  samples  conforming  to  the  same  specifications  and  used 
in  earlier  targets  of  the  program  are  contained  in  Reference  4, 

8S  Charge.  Each  charge  consisted  of  2,560  pounds  of  rectangular, 
precision-cast  TNT  blocks  stacked  to  approximate  a  sphere,  lao  oenter  of 
gravity  of  each  charge  was  sat  ?  feet  below  the  ground  surface.  Some  of 
Lhe  pound  blocks  uere  cast  with  priming  slots,  1J-1  demolition  whadw 
blocks  containing  primacord  and  telratol  were  used  in  tko  ulots  permit¬ 
ting  thorough  priming  of  the  stack  without  disturbing  the  intimate  con¬ 
tact  of  adjacent  blocks,  two  primacord  leads  were  brought  to  the  surface 
in  steel  oonduits.  The  leads  were  detonated  Tilth  electrioal  oape  and  a 
hand-operated  blasting  apparatus,  A  detail  of  the  charges  is  shown  on 
Plate  IF, 

9.  Target  Preparation.  No  construction  work  had  occurred  in  the 
immediate  area  prior  to  the  preparations  for  Rounds  S-P.  und  S-3,  Two 
preliminary  detonations,  about  400  feet  west  of  the  immediate  test  area, 
one  at  0,1  scale  and  one  at  0,2  scale,  which  resulted  in  no  oaeage  to 
the  targets  used,  were  made  to  establish  the  test  distances  from  charge 
to  targets  for  Round  S-2,  Test  distances  for  Round  S-3  were  determined 
from  the  results  of  Round  S-2,  Target  layouts  for  Rounds  S-2  and  S-3 
are  shown  on  Plates  IV  and  HI, 
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General 

information  on  the  teat  rounds 

is  tabulated  below: 

Radius 

Target 

£kes 

Radius 

Jbot 

Scale 

A 

Skew  Angle 
Ussreeo 

Round  fi-:? 

R-5 

Open  box 

3.3 

2.42 

45 

*  ✓ 

»  n 

29 

2.32 

45 

R-2 

i*  r 

25 

1.83 

45 

R-l 

tt  It 

29 

2*12 

Sere 

1-3 

Hollow  Cube  20 

2.46 

45 

TS2 

tt  J 

20 

1.46 

30 

T-7 

n  r 

20 

1.46 

Zero 

R-4 

Open  bar 

23.96 

1.75 

Zero 

R-7 

n  n 

24.08 

1.76 

30 

R-6 

H  R 

25.00 

1.83 

Zero 

T-7 

Hollow  Cube 

17.46 

1*28 

0 

T-6 

R  R 

17.58 

1.29 

30 

T-5 

■  a 

18.50 

1.35 

?-WO 

Hotel  Radius  =  Distance  from  center-line  of  charge  to  eloreat 

point  on  the  target 


Bf4iua  Scale*  X  =  Radius  X  (Weight  of  Charge)  “  k 
The  targets  ware  lowered  by  a  crane  and  jacked  into  place. 
Alignment,  distanoa  and  grade  of  each  target  sere  carefully  check*** 
Referenced  soediua  movement  etakes  wore  buried  adjacent  to  the  targets 
close  to  the  top  of  the  ground. 
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The  targets  were  backfilled  in  6  to  6  inch  layers,  with  moistened 

material  obtained  from  the  required  excavation,  and  tamped  with  pneumatio 
hand  tampers.  Care  was  exercised  in  applying  water  and  in  tamping  the 
material  in  order  to  plaee  the  backfill,  as  oloeely  as  practicable,  to  the 
same  density  as  that  of  the  undisturbed  media*.  Soil  testa  of  field  sam¬ 
ples,  however,  indicate  that  sane  variation  In  density  end  o.fature  content 
did  occur,  and  that  the  properties  of  the  original  aedlvn,  e u.i  to  its 
unique  structural  oharaoteristios,  were  altered  by  the  exoavatian  and  back* 
filling  operations.  A  aucaary  of  teats  on  samples  taken  to  determine  mois¬ 
ture  content  and  density,  as  determine!  by  the  sand-diSplaoement  method,  la 
scheduled  in  Figure  Zcm 

10*  Data,  iue  true  and  apparent  orate re  caused  by  the  detonations 
are  shown  on  Plates  IV  and  III,  The  true  orators  were  determined  by  prob¬ 
ing  with  a  steel  rod,  since  a  previous  comparison  of  the  results  obtained 
using  a  hollow- tubo  type  sampler  and  a  steel  probe  not  only  indicated 
excellent  correlation  but  resulted  in  a  considerable  savings  in  the  coot 
at  the  field  work  for  this  operation* 

The  motions  of  the  madim  novmasnt  stakes  placed  adjaoent  to  the 
utrgota  prior  to  the  detonation  are  shown  on  Plates  IV  and  ITT* 

The  results  of  visual  examination  of  the  targets  are  shown  or 
Hates  V  to  U  and  XIII  to  XVIII.  The  locations  of  ora  aka  and  offsets  on 
oracles  are  plotted  to  seals  and  the  creak  sixes  are  specified,  While  the 
crack  locations  are  shown  accurately,  in  only  a  few  instances  were  the 
cracks  in  the  targets  as  straight  as  those  shown  on  the  drawings*  The 
drawings  should  be  interpreted  as  showing  the  location  of  the  probable 

center^ line  of  a  crack  between  points  of  major  chancres  of  direction,  The 
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sizes  of  the  cracks  were  measured  accurately  to  the  limits  specified  on 
the  drawings,  Primary  emphasis  ms  given  to  determining  the  relative 
size  of  the  oracks  in  a  crack  system  or  a  face  rathe?  than  in  determining 
crack  sizes  w  a  more  detailed  degree  than  that  specified. 

Tension  cracks,  generally,  were  open  and  mil  defined.  Compres¬ 
sion  cracks  were  closed,  but  by  comparison  ritn  tension  or.  oke  had  dis¬ 
tinctly  different  characteristics ,  A  faint  haii-linc  trrer  could  be 
determined  only  by  tracing  the  course  of  the  crack  by  u*v  *9  of  selective 
absorption,  A  compression  "zone"  consists  s>f  a  c cmparatively  wide  area 
that  had  been  eubiecled  no  stress,  the  outer  fibers  of  which  had  been 
crushed.  A  shear  "zone"  consists  of  a  series  of  parallel  cracks  of  dif¬ 
ferent  sizes,  usually  associated  with  numerous  small  spalls. 

Offsets  on  a  crack  were  measured  as  accurately  as  possible  by 
means  of  a  straight-edge  and  soale. 

The  profiles  of  target  faces  were  determined  by  measuring  off¬ 
sets  to  the  target  at  the  designated  point  frofi  a  template  with  a  constant 
gage  distance.  In  all  instances  tbs  measuraswnts  ware  -  i«  after  the 
detonations  and  the  profiles  must  be  interpreted  as  peijwetlng  beta  ini¬ 
tial  (minor)  wall  deflections  free  an  ideal  plane  due  to  construction,  and 
those  due  to  deformation  aa  a  result  of  tbs  deter*  tie* , 

Movements  of  fixed  points  on  the  targets,  determined  ty  the  tJ,  S, 
Coast  and  Geodetic  Survey,  arc  cfaosn  in  Figures  7  to  19,  ifce  component 
movements  of  the  points  relative  to  the  center-line  of  the  charge  are 
scheduled  in  Figure  20  fear  Round  S-2  and  Figure  21  for  Round  S-3. 

Photographs  3  to  15  show  the  faces  of  the  targets  damaged  by  the 
detonations, 
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0.0815 

8,000 

0.097 

0.135 

0.1160 

9,000 

0.168 

0.210 

o.ie90 

9,750 

Tension  failure  of  concrete 

(',500 

0.236 

0.234 

0.235 

10,000 

0.243 

0.306 

0.277 

10,500 

0.304 

O.?,?1 

A'.1''6: 

11,000 

c  r-i'i 

0.441 

0 .407 

11 ,500 

0.437 

0.K05 

0.471 

11 ,600 

3tcol  broke 

:  mts  \ 

i  it-tsotyr-:;!  Testin'* 

laboratories 

COTIFID’SKTIAL 

GECt'iu tt  ltforiiation 

figure 

CONFIDENTIAL  -  SECURITY  INFORMATION 


ELEVATION 


SECTION  A-A 


TEST  BEAM 


CRACK  LOCATIONS  AT  ULTIMATE  LOAD 


/■/  ' 

W  - - — '-*4 


SUPPLEMENTARY  SKEW  STRUCTURES  program 

CONCRETE  ~B£AM  --  FLEXURAL  TEST 

CONFIDENTIAL  -  SECURITY  INFORMATION 


Figure  4 


Secur'y 


-  9?$P/fs.  /' -t.  fjiLre 


1 


Note  Beam  re  brie  a  fed  from  lampte  of 

cone -ere  for  Target ,  T'(ot  found  d~3y 
tad  I  a  considered  repress  entafve  of 
crate  tr  ft:e  uKew  forgets,  Ago  d) 


O  TOO  Z1Q 

Deflection  ~  /no 

SUPPLEMENTARY  SKEW  S 

CONCRETE  BEAM  -  F 


CQlfFOHWLU. 

ascuRci  nrpoauTia; 


s 

I 

I 

I 

B 


S3  ■ 

is*? 

CSC 

c 

•a  1  . 

k  %  ■ 4 

&  K  * 

>* 

<2  £  $ 

* 

3 

COITTSMTIAL 
SKURTTT  nPOfNATXOf 


CONFIDKJTIAL  SECURITY  INFORMATION 


SUPPLEMENTAL  SKEW STRUCTURE  PRICRAM 


Round  S-2  -  Target  R-5 


^MLSMELM 

Station  "C"  -  1=500  &  Y= 500  Data  supplied  by  U.  S. 

Azimuth  "A*  -  0°  -  00'  -  00"  Gs,_?t  &  Geodetic  Survey 

=  Y  Ordinate 


BEFORE  DETONATION  ? 

j  AFTER  DETONATION  1 

blsRliCSEEKT 

c 

o 

o* 

i  Coord . 

!  Mete  re 

1  i  ! 

<  Coord. 

1  Mete re 

i  Eiev. 

1  Meters 

i  1  1 

Coord,  j 

Meters i 

I  r 

Coord ]  Elev. 
Meters  Meters 

Meters  S 

r 

V  i 

Meter*  ! 

"'lav. 

K  ter* 

i 

•*- 

473. 4100 

507.4604 

97.0898 

473.4003 

507.5033  97.0860 

-0.0097 

+0.0429 

-0.0029 

2 

472.7817 

507.8263 

97.0876 

472.7699 

507.86V;  97.  841 

-0.0118 

+0.0386 

-0.0035 

3 

472.2263 

508.1628 

97.0884 

472.2074 

508.1958  97.0841 

-0.013? 

+0.0330 

-0.0043 

4 

472.5923 

508.7909 

97,0903 

472.5773 

508.8235  97.0849 

-0.0150 

+0.0326 

-0.0059 

5 

472.9195 

509.3560 

97.0897 

472.9068 

509.3892  97.0820 

-0.0127 

+0.0332 

-0.0077 

6 

473.5U7 

509.0158 

97.09C j 

473.5021 

509.0539  97.0912 

-0,0096 

+0.0381 

-0.0073 

7 

474.1076 

508.6582 

97.0955 

474.0995 

508.7012  97.0892 

'0.00"? 

+0,0430 

*o,  uv/63 

8 

473.7604 

503.0548 

97.0905 

473.7494 

508.0979  97.0862 

-O-O.uu 

+0.0431 

-0.0043 

Center  of  Charge  X  =  47j.Co09  i  -  497.6579 


CONFIDENTIAL 
SECUKITY  INFORMATION 


CURL  7 


CONFIDENTIAL  SECURITY  INFOivMATTON 


Station  "C"  -  X- 500  &  Y500 
Azimuth  "A"  -  0°  -  00*  -  00" 
=  I  Ordinate 

BEFORE  DETONATION 
|  X  1  Y  | 

j  Coord.  ;  Coord.  !  Elev. 

I.  Me  to  re  i  Motors  I  Metere 


479.1262 

473.8340 

473.5524 

479.2262 

479.7962 

480.0932 

480.37o6 

479.7207 


506.0791 

506.6989 

507.3214 

507.6354 

507.9284 

507.2860 

506.6629 

506.3570 


97.1000 

97.0966 

97.0955 

97.0931 

97.0964 

97.0971 

97.1040 

97.1021 


Data  supplied  by  U.  S. 
C'-net  4  Geodetic  Survey 


AFTER  DETONATION 

~i  i  1  ! 


DISPLACEMENT 


Coord  . 

_ Mgtere 

479.1429 

478.8460 

478.5579 

479.2348 

479.8086 

480.1092 

480.3993 

479.7402 


Coord. 1  Elev, 


506.1279 

506.746,1 

507.3686 

507.6743 

507.9633 

507.3220 

506.6996 

506.4016 


97,1020 
97. J992 
97.0990 
97.0950 
97.0971 
97.0976 
97,1044 
97.1033 


+0.0167 
+0.0120 
+0,0055 
+C.J086 
+0.0124 
+0.0160 
V:  *  a-  '■ 

+0/.".v5 


’ +0. 048ft' 
+0.04-72 

+0.0472 

+0.0389 

+0.0349 

+0.0360 

+6.0367 

+0.0446 


[  Kiev. 
L  jgAgaL 
•'0.0020 
+0.0026 
+0.0035 
+°.0019 
•>0,0007 
+0,0005 
+0.0«.^4 
+0.001? 


Conter  of  Charge 


476.0809  Y  =  497.6579 


CONFIDENTIAL 
SEC Uhl 7Y  I NFCHMTION 


lUNFIDENTIAL  SECURITY  INFORMATION 


SliPi'TF.vF.iv' 


Round  S-2 


Cj\0-  - 

I_ 

O 

°i- 

_ 657 

-- 

/  I  1 0 

/  |  If! 

/  |  <r> 


U  -c 


V 

✓  \ 


;  i 

L°93  3 


aV 

«  'V 

s 


/ 


too  i/  i 


in  Note:  Field  doto 
~  Millimeters 


Station  "C"  -  1=500  &  1=500 
Azimuth  "A*  -  0°  -  00'  -  00“ 
=  Y  Ordinate 


Data  supplied  by  D.  S. 
Coast  4  Geodetic  Survey 


AFTKR  DETONATION 


iwaarwurtiwi 


Coord.  !  Coord,  j  Elev,  j  & 
Meters  !  Metrrs  !  Meters  I  Meters 


482.4277 

482.5061 

482.6591 

483.3114 

483.9567 

483.8853 

483.7258 

483.0651 


502.1252 

502.7786 

503.4268 

503.3462 

503.3945 

502.5333 

501.8806 

501.9606 


97.0837 

97.0942 

97.1049 

97.1054 

97.1026 

97.0897 

97.0827 

97.0791 


482.4579 

482.5126 

482.6499 

483.3026 

483.9464 

463.8962 

483.7578 

483.0987 


502.3172 

502.7726 

503.4266 

503.3361 

503.1737 

502.5157 

501.8566 

501.9501 


97.0878 
>7.1  08 
97.1144 
97.1144 
97.1134 
97.0944 
97.0848 
97,0322 


-KJ.0065 

-0.0092 

-O.O088 

-0.0103 

40,0109 
40,0320 
4O.033  & 


-0.0080 

-0.0060 

-0.0002 

-0.0101 

-0.0208 

-0,0176 

O.J240 

-O.0105 


4x1,0041 

40,0066 

40.0095 

40,0090 

4C.U108 

4O.0O<7 

4O.0U** 

40.0031 


Center  of  Charge  X  =  476.0809  Y  =  497. c 


CONFIDENTIAL 
SECURITY  INFORMATION 


FIGURE  9 


Foi 


Point, 


CONFIDENTIAL  SECURITY  INFORMATION 


Station  "C"  -  X»500  &  1-500  Data  aupy-Iiad  by  U.  S. 

Aziauth  "A"  -  0°  -  001  -  00"  CoaaL  Geodetic  Surrey 

=  I  Ordinate 


BEFORE  DETONATION 

1  i  ~ 1 - 1 - 1 - 1 

|  Coord .  !  Coord..  !  Kiev. 

!  Meters  !  Metera  Meters 


AFTER  DETONATION 
i  I  i  T" . 

Coord.  J  Coord,  ]  Eler 


DJ-;wI  AC'SSEn'T 


!  Mev. 


Meters  t  Meters  \  Meters]  Meters  jjgtera  j  Mo  era 


1  481.1724  494.1234  97.0832  481.2903  4v4.C427  -K).1179  ^0.0807  +C.1725 

2  481.8396  494.2528  97.0860  481.9560  494.1757  '97.204 8  +0.1164  -0.0771  +0.1188 

3  482.5246  -94.3733  97.0830  482.6404  494.3003  97.1453  +0.r.5S  -0.0730  +0.0623 

4  482.6434  493.6544  97.0908  482.7597  493.5811  97,1074  +0.1143  -0.0733  +0..  -166 


5  482.7571  493.0101  97.0942  432.8701  492.9385  97.0694  -'0.1130  -0.0716  -0.0248 

6  482.0357  492.8832  97.0912  482.1531  492.8079  97.1248  +0.1174  -0.0753  +0.0":^ 


7  481.4039  492.7581  97.0860  481.5210  492.6796  97.1705  +0.11'  -u.0785  +0.0845 

8  481.2915  493.4151  97.0838  481.4111  493.3368  97.2110  -K) .11%  -0,0783  +0.1272 


Center  of  Charge  X  =  476.0809  Y  =  497.6579 


CONFIDENTIAL 
SECURITY  INFOi-HATIUJ 


Fl'i'HlE  11 


ill^O  T 


CONFIDENTIAL  SECURITY  INFORMATION 


1- 

1 

in ' 

cr ! 

0 

A 

N-  1 

s 

O. 

® 

0 

030  J® 


J2)|0S2 


069  693 

—  — •  *-  -  - 

© 


Station  "C"  -  1= 500  &  1=500 
Aaiwith  "A“  -  0°  -  00'  -  00* 
-  I  Ordinate 


AT  076 

_®y' 

r^j  Note:  Field  dmn 
ol  Mil  lime t‘  rs 


Data  eupplicd  by  U.  S. 
Coast  A  Geodetic  Survey 


X 

Coord* 

Meters 


S3 


1  478.9187  491.7362 

2  479.5907  491.6204 

3  479.4830  490.9357 

4  479.3706  490.2702 

5  478.6662  490.3778 

6  475.0038  490.4943 

7  478.1156  491.1707 

§ _ 

Center  of  Charge  X  ■ 


97.0984 

97.1094 

97.0998 

97.0939 

97.0922 

97.0876 

97.0865 


479.0069 

479.6765 

479.5499 

479.4202 

478.7393 

478.0590 

478.1890 


4°! 1 6340 
491.5054 
490.8263 
490.1661 
490.2876 
490.4155 
491.0862 


97.2413 

77.20,3 

97.1362 

97.0727 

97.1172 

97.1597 

97.2174 


-♦0,0882 

■♦0.0858 

+0.0669 

+0.0496 

+0.0531 

+0.0552 

+0,0734 


-0.1022 

-0.1150 

-0.1094 

-o.iqai 

-0.0902 

-0,0788 

••0.0U5 

-u.067 


+0.U29 
+0.0959 
+O.O364 
-O.ro  12 
+0.^50 
+0,C•72.', 
+0.1 dOv 


4>;.0809  Y  =  497.6579 


CONFIDENTIAL 
SECURITY  INFORMATION 


figure  12 


CC'Nr  IDEMT1AJ.  SJXUj.ITi  INFOItMAT1  *  N 


Station  »C»  -  X- 500  &  1=500  Data  supplied  by  U.  S. 

Azimuth  "A*  -  0°  -  CX3 *  -  00"  Coast  u  Geodetic  Survey 

=  Y  Ordinate 


8  474 


.1655  491.5091 
,9860  490.8362 
,8078  490.] 732 
,1370  490.3449 
,4619  490.5284 
,6460  491. 3 994 
,8280  491.8631 
,4979  491.6882 


97.0963 

97.0986 

97.0957 

97.0977 

97.0954 

97.0989 

97.0995 

97.0991 


475.2182 

475.0201 

474.8160 

-74.3525 

473.4830 

-73.6847 

473.8843 

474.5513 


49.3.3657 

490.7019 

490.0467 

490.2382 

490.4399 

491.1028 

491.7585 

491.5630 


97.2314 

9,’.lo> 

97.0972 

97,1136 

97.1271 

97.1958 

97.2616 

97.2560 


+0.0527 

+0.0321 

+0.0102 

+0.0155 

+0.0211 

+C.03C7 

+0.0563 

+0.0634 


-0.1434 

-0.1343 

-0.1265 

-0.1067 

-0.0885 

-0,0966 

-C.IG46 

-0.1252 


+0,1351 

+0,0670 

+0.0015 

+0.ri59 

+0,0317 

+0.096*, 

+0.1621 

+0.1569 


Center  of  Charge 


476.0809  I  =  497.6579 


CONFIDENTIAL 
SECURITY  INFORMATION 


KVJh. 


Cl^TKil.NTLAl.  SKC’JxVm  INF UKMATIUN 


ci  Hal  LiXTJhm*  ::;Ff  n 


w-.« u . i i* T.CCCT J«vL  rmC . \  A M 


07, 


faiv.ot  K-b 


|  250  To 

'  (.  h  a  t  g  e 


. .  r\ 

69(1  yj®'^079. 

~V  i  i 
,  >  1 


1  K>i  ! 

i  *fi  I 


,rr  079 

TE  ■  *-9? 


Ir 


z  \ 
/'  \ 


^4  L078  n 


1  i . 

080  I  i* 


685  •  A  700 


SUMMARY  SURVEY 


O;  Note  Field  doto 
o!  MiilittefeM 


Station  "C"  -  X=500  &  Y=500 
Azimuth  "A"  -  0°  -  00 •  -  001* 
-  Y  Ordinate 


Data  supplied  by  U.  S. 
Coast  i  Ccodetic  Survey 


o  1  Coord.  1  Coord, 

a,  1 


Meters 


Kiev. 

Meters 


— IFTEK  DETOITATTtr 
X  !  Y  p 
Cooru.  !  r.oord. 


_  j_  PiSflACfcttEfft 


Kiev. 


Meters 


Meters  i  Meters  Meters  ■  Meters 


484.0712  495.9713 
484.0653  496.0564 
484.8061  *96.6659 
485.4531  496,o748 
485.4669  495.97X3 
485.4084  495.2899 
484.7668  495. -8X7 

_ _484 .0730  4^5, 2738 

Center  of  Charge  X  = 


97.6144 

97.6091 

97.6134 

97.0188 

97.6118 

97^,30 

97.0*96 
9 1.6251 


484.1907 

484.1716 

484.9152 

485.5619 

485.5646 

485.5743 

484.8732 

484.1708 


495.9902 
49o.o7U4 
496.6938 
496, o9?5 
495.9955 
495.3099 
495.2953 
495.2922 


97,6406 

:■  7/439 

97.0386 

97.6349 

9?.6396 

97.6546 

97.6566 

97,0629 


TO. 1275 
+0.1063 
+0.1091 
+O/038 
+9.0977 
+0.1059 
+9.10o4 
+9.1'.;  : 


+0.0189 
+9.0220 
+9.0279 
+0.0227 
+9.0212 
+9.0200 
'9.  "126 
+9,0184 


!  Kiev, 
i  "eters 


-  .1,0352 
+9.0348 
♦9.0252 
+0.0161 
+  •'.0178 
+0.0195 
+6.  '’•'*>8 
+0,0378 


570.3817  Y  =  495.5 


CONFIDENTIAL 
SUCUnin  IKFU.MATION 


CC-KP iJKMTIAL  SECURITY  INFORMATION 


Station  "C"  -  X=500  &  1=500  '  Data  supplied  by  U.  S, 

Azimuth  "A0  •  0°  _  00*  -  00"  Goa  jt  i  UoCvetic  Survey 

=  Y  Ordinate 


$ 


£ 


BEFORE  DETONATION' 


1  X 
i  Coord. 
[ Meters 


1  L 


I 

Coord, 

deters 


AFTER  pETONATIOp 

X  Y 


1  lap; 


-  -!  -S  -T 


Kiev, 

Meters 


Coord. 

Meters 


Coord. 

Meters 


Elev, 

Meters 


-ME  NT 


1  480.5261  492.4586  97.6364  480.7784  4 97.?«*\3  +0.2523 

2  481.2215  492.5258  97.6371  481.4737  492.3o50  >7.7483  +0.252 2 

3  481.9139  492. 58U  97.6388  482.1664  492.4280  97.7158  40.2525 

4  481.9796  491.9005  97.6388  482.2367  491.7445  97.6996  +0.2571 

5  482.0473  491.1968  97.6371  482.2S41  491,0398  97,6816  +0.2368 

6  461.3592  491.1326  97.6331  Destroyed  by  explosion 

7  480.6648  491.0792  97.6328  480.9037  490.9076  97.7329  +0.238* 

8  480.5904  491.7876  97.6318  480.6364  491.6176  97.7549  +0.2460 


p  * 


Meters  |  Meters  1 


«.ers 


-0.1693 

-0.1608 

-0.1534 

-0.1560 

-0.1570 

■0,1716 

-0.1700 


+0.1439 
+0.1112 
+0.07/0 
+0. -608 
+0.044*-' 

+0.1001 

+0.1231 


Center  of  Charge  X  -  476,3817 


Y  =  495.9499 


CONFIDENTIAL 
SECURITY  INFORMATION 


*■  llR.IRE  17 


ckcuniTi  infco.iation 
2I.TI  LE^-r.TAL  rKjj..  or.;;  CT!:;£  rso.;.<AX 


;  .omxl  :i-j 
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1 
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CJ 

<3)l090 


® 

\  ,.  N 

'-,'5-.  s* 


.70  „Jf?L07  5 


ffl 

NJ 

HI 

K) 

N 

01 

Ol 

O 

3UMMAKY  SI 


Station  "C  -  4*500  ft  Y*500 
Azimuth  "A"  -  0°  -  00 1  -  00” 
~  Y  ordinate 


Millimeters 


Data  supplied  by  U.  S. 
Coast  Geodetic  Survej 


1  .JOiii.  uKTi iNAT f >nV 

- - - T - -  - -j - 

A  l  1  I 

!  Coord.  |  Coord.  !  E!ev, 
j  ’otora  |  Meterj  1  Meter,? 


477.3* ''5  490.  >10  O7.63ol  477.3129 
477.7814  490.0164  97.6338  477. >3 5 
478.3097  489.4976  97.0393  478. >76 
477.7138  4 S'-1. 0773  97.0421  477.7474 
477.lf.ll  488.6130  97.0)74  477.1387 

47o.o8>6  439.1043  '7,o431  47t.7Q53 
476.3654  4S-).  >81  97.-o431  47o.2585 


AFTGK  DETONATION 


3  .>>  >4  VA.l-  •  97.64C1  476.6043  Ag1 

Center  of  Charge  X  ~  476.3817  Y  =  495.9499 


/C';  'Of  •) 

489 1 7772 
48)9.2638 
488.8389 
48S.3686 
488.9007 
4*9.4002 

4S9.8443 


97 

v ''.748.6 

97.7293 

97.7126 

97,6846 

97.7036 

97.7196 


"0.0126 

+0.0221 

+0.027*7 

+0.0316 

+0.-0356 

+0.0157 


-0.2657 

-0.2392 

-o>333 

-0.2384 

-O.2464 

-0.2638 

*4.2799 

-0,2815 


+0.1285 

+0.1098 

+0.0895 

+O.o:o5 

+0.0472 

+0.6+V05 

+0,0705 

+0.1115 


CONFIDENTIAL 


i'O  tho:  IP 


CCHF1MSNTTAI.  5BGWI fY  IftFOKMATION 


S'Jl  r'Lr.'M:  NTA 1.  SKEW  ^THUCTUiiE 


Round  S- 


0  7b  f  \fi) , 


■>,  *|  }  18.3'  To  i 

$j _  J_  06^  Charge 


’? - 


I  \ 


Ifti 

tO! 

_ _°L 


7JB _  2>I07  7 


2  07Mc4 


I 

. 45a  i 


<0 

/  * 

59  40 


MARY  SUiU 


Station  "C"  -  X*500  &  Y-500 
Ajiauth  "A"  -  0°  -  00'  -  00" 

~  Y  Ordinate 


Xt  Comer  broken 

<n'  Note:  Field  doto 
o  Millimeters 


Data  supplied  by  U.  S. 
Coast  v  Geodetic  Survey 


1  473.5182  491.0035  97.6341 


474.1390 

473.6062 

473.4584 


490.6408 

490.0519 

489.4460 


472.8576  489.7837 
472.2614  490.1204 
472.6050  490.7200 


97.6321 
97.0321 
97.6314 
97.6314 
97.6311 
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Cl  =  Clockwise  aowwment 
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